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Abstract
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Thiol-acrylate polymers have therapeutic potential as biocompatible scaffolds for bone tissue
regeneration. Synthesis of a novel cyto-compatible and biodegradable polymer composed of
trimethylolpropane ethoxylate triacrylate-trimethylolpropane tris (3-mercaptopropionate)
(TMPeTA-TMPTMP) using a simple amine-catalyzed Michael addition reaction is reported in this
study. This study explores the impact of molecular weight and crosslink density on the cytocompatibility of human adipose derived mesenchymal stem cells. Eight groups were prepared with
two different average molecular weights of trimethylolpropane ethoxylate triacrylate (TMPeTA
692 and 912) and four different concentrations of diethylamine (DEA) as catalyst. The materials
were physically characterized by mechanical testing, wettability, mass loss, protein adsorption and
surface topography. Cyto-compatibility of the polymeric substrates was evaluated by LIVE/DEAD
staining® and DNA content assay of cultured human adipose derived stem cells (hASCs) on the
samples over 7 days. Surface topography studies revealed that TMPeTA (692) samples have island
pattern features whereas TMPeTA (912) polymers showed pitted surfaces. Water contact angle
results showed a significant difference between TMPeTA (692) and TMPeTA (912) monomers
with the same DEA concentration. Decreased protein adsorption was observed on TMPeTA (912)
−16% DEA compared to other groups. Fluorescent microscopy also showed distinct hASCs
attachment behavior between TMPeTA (692) and TMPeTA (912), which is due to their different
surface topography, protein adsorption and wettability. Our finding suggested that this thiol-
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acrylate based polymer is a versatile, cyto-compatible material for tissue engineering applications
with tunable cell attachment property based on surface characteristics.
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1.

Introduction

Author Manuscript

Synthetic biopolymers can be classified into polymers with biologically adhesive and nonadhesive surfaces. Many studies have emphasized on the importance of interaction between
adhesive surfaces and cells because they can eliminate the risk of inflammation, infections
and aseptic loosening in vivo [1, 2]. On the other hand, polymers with non-adhesive surfaces
such as poly(ethylene) glycol (PEG) hydrogel have been advantageous in medical diagnostic
micro-devices by providing the ability to engineer specific cell – matrix interactions [3, 4].

Author Manuscript

Thiol-acrylate chemistry, a subset of thiol-ene chemistry polymers has the advantage of
rapid conversions from liquid monomers to a crosslinked polymer under physiological
conditions directly into the defect through an attached tertiary amine, self-catalyzed chain
process which can be easily delivered in surgical setting. [5, 6]. Despite having the benefit of
temporal and spatial control over the polymerization under UV, these photopolymers can be
cytotoxic in certain applications due to presence of residual initiator molecules in
photocatalytically polymerized systems [7]. Michael addition thiol-acrylate polymerization
is an alternative feasible technique to chain growth polymerization, eliminating the use of
cytotoxic radical producing initiators [5, 8]. Previous studies explored the bone scaffolds
fabricated with pentaerythritol triacrylate-co-trimethylolpropane tris (3-mercaptopropionate)
(PETA), another thiol-acrylate polymer, as potential bone augments and grafts. These
materials promote cell adhesion and proliferation [5, 9, 6]. The high conversion rate and lack
of free radical production in thiol-acrylate step-growth polymerizations contribute to the
cytocompatibility of PETA and support its application as an in situ polymerizing
biomaterial. However, the chemical and physical properties of these materials that promote
cell adhesion remain to be elucidated.

Author Manuscript

The purpose of this study was to synthesize and characterize thiol-acrylate based copolymers with the aim to explore the effect of amine content and average molecular weight
of the monomers on the properties of this polymer and cell attachment behavior. Polymers
with two different average molecular weights (Mn) of triacrylate and four different
concentrations of base catalyst content (diethylamine) were synthesized via a base-catalyzed
Michael addition reaction. Initial characterization studies were performed to examine
mechanical properties, wettability, topography and degradation profile of the polymers.
LIVE/DEAD® staining and PicoGreen® quantification of DNA were used to quantify the
attachment and proliferation of hASCs onto the thiol-acrylate material.
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2.
2.1.
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Materials and Methods
Preparation of TMPeTA-TMPTMP polymers
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Trimethylolpropane ethoxylated triacrylate (TMPeTA) (Mn 692 & 912), and
trimethylolpropane tris (3-mercaptopropianate) (TMPTMP) were obtained from Sigma
Aldrich. Diethylamine (DEA) was obtained from ACROS Organics with 99% purity. The
Michael addition reactions were conducted according to a modification of previous
described methods[5]. Briefly, DEA was added to TMPeTA/ Phosphate Buffered Saline
(PBS) mixture (10 wt % PBS relative to acrylate amount ratio; 1x PBS containing 100 mg/L
Calcium Chloride and Magnesium Chloride) with increasing mol % relative to acrylate
functionality forming a stock solution shown in the first step of the reaction scheme (Scheme
1). The polymer was prepared by adding TMPTMP to this TMPeTA/PBS/DEA stock
solution in a 1:1 molar ratio at room temperature based on the functionality of acrylate to
thiol by casting into laboratory weight boats. Eight different samples were fabricated with
varying DEA concentrations (2, 5, 10, 16%) and TMPeTA with different average molecular
weight (Mn 692 and Mn 912). The samples were punched into cylinder shaped (10 mm x 10
mm) constructs using biopsy punches for further analysis.
2.2.

Surface and bulk mechanical properties evaluation
Cylindrical shaped samples with dimensions of 12.7 mm (diameter)× 25.5 mm (height) were
tested to determine ultimate compressive strength and bulk modulus based on ASTM
standard D695 – 15. Each sample was subjected to a compression test with a range of strain
rates between 0 – 90%. Triplicates were performed for each polymer group with different
formula. A universal testing machine (Instron Model 5696, Canton, MA, USA) was used at
an extension rate of 1.3 mm/min.

Author Manuscript

2.3.

Water contact angle measurement
Contact angles were determined using VCA Surface Analysis System with Optima XE
software for both TMPeTA (692 & 912) polymer samples containing 2, 5, 10 and 16% DEA
relative to the amount of acrylate functional groups. Nanopure water (5μL) was dispensed
automatically and allowed to equilibrate for 30 seconds on three separate locations of each
polymer sample.

2.4.

Mass loss assessment

Author Manuscript

Polymer samples containing TMPeTA (692 & 912) with 2, 5, 10 and 16 % DEA were
fabricated as noted above and punched into cylinder shaped (10 mm x 10 mm) constructs.
The samples were freeze-dried for 24 hrs, then submerged in 5mL PBS for 7 days at 37°C.
The samples were freeze-dried after the 7-day incubation. The weight difference between
dried samples before and after soaking in PBS was calculated, normalized and reported as
mass loss.
2.5.

Evaluation of protein adsorption on polymer substrates
Protein adsorption study was performed using BCA protein assay kit- reducing reagent
(ThermoFisher Scientific), followed by the product protocol. Briefly, all of the samples were
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soaked in Growth Medium (GM) (Dulbecco’s modified Eagle’s medium/F12 (DMEM), 10%
Fetal Bovine Serum (FBS), 1% triple antibiotic) for 24 hrs while the samples soaked in PBS
served as blank controls. All of the experiments were performed in triplicates. The adsorbed
protein was obtained by trypsinizing the samples at 37°C in an orbital shaker with 70 rpm
overnight. The absorbance of the solution was measured at 562 nm using a plate reader
(SpectraMax M5 Multi Mode Microplate Readers, Molecular Devices).
2.6.

Surface topography characterization
Surface topography measurements were conducted with Nexview 3D optical surface profiler
(Zygo-AMETEK). Images were collected using the 20X objective with 1X magnification.
All the images were surface processed offline in Mx software (Zygo-AMETEK). 4 samples
per group and 8 different spots of each sample were tested to assess surface topography.

Author Manuscript

2.7.

hASC isolation and culture
hASCs from three donors were purchased from LaCell. “Passage 0” refers to the primary
cell cultures initial passage and is denoted as p0. To expand the hASCs, the frozen cells were
recovered, split and plated at a density of 5000 cells/cm2 (“Passage 1”) for expansion on
T125 flasks to attain 80% confluency. For all the cell based tests, “passage 2” was used.

2.8.

Cell seeding on solid constructs

Author Manuscript

Prior to polymerization, the monomers were processed by filtering through a 0.45 μm nylon
membrane sterile syringe filter (Celltreat). After sample preparation according to section 2.1,
all of the samples were immersed in GM for 24 hrs. hASCs were seeded on the top side of
each sample with the density of 50,000 cells/well in a 48 well plate then incubated at 37°C
for 7 days with media renewal every 2–3 days.
2.9.

LIVE/DEAD staining
LIVE/DEAD® staining (Cell viability®, Invitrogen) was performed to assess viability of
hASCs on the solid constructs 1, 3 and 7 days after seeding. 300μL of PBS containing 4 μM
EthD-1 and 2 μM Calcein-AM (Invitrogen) was added to each sample followed by
incubation at room temperature for 10 min. The samples were then imaged using a
fluorescent microscope (Zeiss SteREO Lumar.V12 fluorescence stereomicroscope) to detect
live (green) and dead (red) cells on the samples. Cells cultured on 2D were served as
positive control.

2.10.

Quantification of total DNA content

Author Manuscript

Total DNA content was used to evaluate the cell proliferation on each sample. In general, all
the hASCs were lysed using proteinase K with the concentration of 0.5 mg/mL at 56°C for
overnight [10]. DNA quantification was achieved by mixing 50 μL of lysing solution and 50
μL of PicoGreen® dye solution (Invitrogen™Quant-iT™ PicoGreen™ dsDNA Assay Kit) in
96 well plates. The fluorescence intensity of 100 μL PicoGreen® dye was used as a baseline
and subtracted from the data acquired. All of the samples were excited at 480 nm with an
emission wavelength of 520 nm, and total DNA concentration was compared to a standard
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curve generated from serial dilutions of hASCs in order to calculate the number of the cells
in each well.
2.11.

Statistical analysis
Statistical analysis of results was performed using GraphPad Prism®. Data was analyzed for
statistically significant differences with two-way ANOVA, p < 0.05. Fisher’s LSD test was
used for post comparisons. Error bars in all of the graphs represent the standard error of the
mean, for experimental triplicates.

3.
3.1.

Results
Preparation of TMPeTA-TMPTMP polymers

Author Manuscript

TMPeTA (692) and TMPeTA (912) polymers with varying concentrations of DEA were
synthesized via a nucleophile catalyzed thiol-Michael reaction. Scheme 1 shows the polymer
formation mechanism. The scheme begins with the formation of a tertiary amine catalyst by
the Michael addition of an amine to the alkene group found within an acrylate. This tertiary
amine acts as a semi-strong base deprotonating the thiol and starting the polymerization
reaction. The thiolate anion adds onto the acrylate’s double bond forming a crosslinked
polymer network.
3.2.

Mechanical properties evaluation

Author Manuscript

Mechanical testing was conducted to determine the compressive modulus of the polymers
and its correlation to molecular weight and DEA concentration. Fig 1 shows the compressive
young’s modulus of the TMPeTA (692) and TMPeTA (912) samples. A decrease in the
modulus of the samples was observed with increasing DEA content for both TMPeTA (692)
and TMPeTA (912). No significant difference was observed between the stiffness of
TMPeTA (692) and TMPeTA (912) groups with the same DEA concentration.
3.3.

Water contact angle measurement

Author Manuscript

The wettability of the polymer samples as one of the important surface characterizations was
evaluated using water contact angle goniometry. Smaller angles are indication of higher
hydrophilicity in this technique. Fig 2 shows the initial contact angles for TMPeTA (692)
and TMPeTA (912) polymers ranging between 25–48 degrees. A direct correlation was
established between the hydrophilicity and the amine content of the polymer based on Fig 2.
Hydrophilicity of the samples were increased by increasing DEA concentration as well
increasing molecular weight in the polymer samples. Significant difference was observed
among all of the samples except for TMPeTA (912)-2% DEA and TMPeTA (692) 16%
DEA.
3.4.

Mass loss
The change in total mass over 7 days was measured for all the TMPeTA (692) and TMPeTA
(912) polymers with varying concentrations of DEA (Fig 3). TMPeTA (912)- showed higher
mass loss over 7 days compared to TMPeTA (692). Mass loss study over 28 days was also
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done on all TMPeTA (692) and TMPeTA (912) polymers (supplementary 2). No statistical
difference was observed in degradation profile from day 7 to day 28.
3.5.

Evaluation of protein adsorption on polymer substrates
Protein adsorption study was conducted by soaking the samples in GM containing FBS for
24 hrs. Fig 4 shows different protein adsorption level on the polymer samples after 1 day of
immersion in GM. The only significant difference was observed between TMPeTA
(912)-16% DEA and the rest of the samples.

3.6.

Surface topography characterization

Author Manuscript

Surface topography of different polymer samples was studied using optical surface profiler.
Fig 5 and Table 1 show the surface RMS roughness and Skewness (Ssk) differences between
TMPeTA (692) sand TMPeTA (912). Ssk value which is probability of distribution of the
peaks and pits departure from horizontal symmetry, was positive for all of the TMPeTA
(692) samples and it was negative for TMPeTA (912) ones. Positive Ssk indicating that
dominant features on the surface are peaks (islands) however negative Ssk is referred to
valley (pits) [11]. Therefore, peaks are dominant in TMPeTA (692) samples while pits are
dominant in TMPeTA (912) ones.
3.7.

LIVE/DEAD staining

Author Manuscript

Adhesion of hASCs to TMPeTA-TMPTMP substrates was evaluated using LIVE/DEAD®
staining at 1, 3 and 7 days. As shown in Fig 6, cells attached and spread onto the surface of
all TMPeTA (692) 2 %−16 % DEA polymers at day 1 post cell-seeding and remained
attached until confluent after 7 days. The LIVE/DEAD® staining images showed visibly
much lower amount of hASCs attached to TMPeTA (912) 2–16 %DEA samples.
Furthermore, no hASCs remained attached on TMPeTA (912)-TMPTMP at day 3 and day 7.
(Data not included).
3.8.

Quantification of total DNA content

Author Manuscript

Cell proliferation studies were performed at different time points (day 1, 3 and 7) for a total
of 7 days. The quantification of total DNA content for all 8 groups are shown in Fig 7. For
the TMPeTA (692) samples, an increase in the total cell number was observed from day 1 to
7 after seeding, which is not significantly different than the positive control. In contrast,
TMPeTA (912) samples revealed a lower number of cells (35%−50% lower than positive
control) initially adhered followed by a steady decrease in attached cells from day 1 to day
7. Quantification of total DNA content showed that polymers made of TMPeTA (692) are
more suitable for supporting cell growth and proliferation.

4.
4.1.

Discussion
Fabrication of TMPeTA-TMPTMP polymer
Tissue Engineering has been of interest for years as a substitute for traditional grafting
techniques by utilizing both naturally derived and synthetic materials [12]. These
biomaterials provide a guidance to cellular behavior and function that affects restoration of
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damaged tissues such as ligament, skin, heart, bone, cartilage[13]. Naturally derived
biomaterial such as extracellular matrix (ECM), collagen, fibrin, etc. facilitate constructive
remodeling of tissues due to their inherent bio-compatible properties[14, 15]. However, their
poor mechanical properties limit their application as load bearing implants[16, 17]. On the
other hand, synthetic materials including polymers are more advantageous over biologically
derived ones due to their controlled fabrication processes[16]. Thiol- Acrylate based
polymers are attractive due to rapid conversion of the monomers under physiological
environment. As the concentration of the tertiary amine catalyst increases, so does the rate of
the reaction, allowing for tunable curing time and other properties depending on the
application [18]. In general, the higher the DEA concentration the lower the gel time (from ~
7 min to ~ 23 min from high to low concentration of DEA). However different DEA
concentration didn’t show any effect on cell behavior. Michael addition reaction has many
advantages over photo-initiated chain polymerization of acrylates. To be specific, this
reaction can be initiated at physiological temperature without generating free radicals and/or
toxic products [19, 20]. These anionic step-growth polymerization reactions also lack a
termination step, which reduces the concentration of unreacted monomers left in the cured
material and potentially improves the cyto-compatibility of a substrate [21]. One of the
potential applications for these thiol-acrylate based polymers could be bone defect
regeneration which have shown promising results in a study by Chen et al on PETA-coTMPTMP polymer (another thiol-acrylate-based polymer) both in vitro and in vivo [6].
hASCs with capacity to differentiate into multiple cell lineages play important role in tissue
engineering specially bone regeneration. They have been of interest for autologous cell
transplantation which can be obtained in abundance through minimally invasive harvest
procedures[22]. Therefore, these cells were chosen to study the interaction between the cells
and the surface of polymer substrates.

Author Manuscript
Author Manuscript

4.2.

Mechanical properties

Author Manuscript

Crosslinking density of a substrate plays a significant role in the process of stem cell
anchoring to the surface of the substrate by providing mechanical feedback to the cells [23].
The cells exert tractional forces and gauge the feedback during substrate adhesion and
locomotion, thus the substrate must withstand these forces with minimal deformation to
promote further spreading and proliferation of the cells [24]. A lightly crosslinked substrate,
or more deformable substrate may negatively impact cytoskeleton development thus
reducing forces that are exerted by the cells [25]. Since Young’s modulus and crosslinking
density are directly related [26, 27], the compression modulus was determined for each of
the polymers to verify the correlation between the cross-linking density of the polymer
network and cell attachment. Each addition of the secondary amine (DEA) to the
trifunctional acrylate (TMPeTA) causes a decrease in the average functionality of the comonomer thiol-acrylate system. To elaborate, with each amine addition, a trifunctional
acrylate molecule became a difunctional acrylate molecule by reacting with the carbon
double bond on the TMPeTA monomer [28]. This finding is consistent with the results from
swelling ratio study (Supplementary 3) as well as other studies wherein the higher the
average functionality of a polymer, the higher the overall crosslinking density of the network
[29–31] which explains a decrease in young’s modulus by increasing the DEA concentration
in both TMPeTA (692) and TMPeTA (912) samples. Stiffness does not seem to play a
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significant role in cell attachment in this study. Although the stiffness ranges from 25 MPa
to 12 MPa but still is stiff enough to support cell attachment since cells adhere to much less
stiff surfaces such as collagen (<0.5 KPa) [22, 14]. Therefore, based on the results other
parameters such as surface topography and protein adsorption override the effect of surface
modulus as far as cell attachment.
4.3.

Water contact angles

Author Manuscript

Wettability of polymeric substrates also has an effect on how cells behave on its surface [32,
33]. Watchem et al. studied the effect of wettability on polymeric substrates used in tissue
engineering, such as PMMA (poly(methyl methacrylate)), PLLA(poly-L-lactic acid) and
TCPS (tissue-culture polystyrene); they observed increased cell adhesion along with
increasing water contact angles [34]. Increase of hydrophilicity with increasing DEA
concentration is likely attributed to the decrease in the crosslink density and void spaces that
can trap water molecules [35]. Another contributing factor might be the modification of the
surface charge as a result of DEA content. However, the surface charge could not be
determined by Atomic Force Microscopy (AFM) technique due to low conductivity of the
samples.
4.4.

Mass loss
The effect of molecular weight on the degradation profile of polymers is well documented.
The higher molecular weight of the polymer shows faster degradation due to a looser
network structure [36] which is in agreement with degradation profile of TMPeTA (692) and
TMPeTA (912) samples. The disruption of the crosslinked network in ester containing
monomers (TMPeTA, PLGA, and PCL) was due to the hydrolysis of the ester bonds in
acidic or basic environments as other studies suggested [37].

Author Manuscript

4.5.

Protein adsorption on polymer substrates

Author Manuscript

Adsorbed protein on the samples can affect subsequent adhesion of the cells. When the
substrate is exposed to a suspension of cells in a culture medium containing serum, the cells
approach and settle on the surface adhering through protein interactions [38, 39]. In this
process, protein molecules first come into contact with the surface due to their smaller
molecular size which is inversely proportional to diffusion coefficient. This results in a
larger number of protein molecules arriving at the surface of the sample [40]. Based on the
previous studies [41, 42] hydrophobic samples have higher specific protein adsorption due to
strong hydrophobic interactions between the protein and the surface. Therefore, TMPeTA
(912)-16% DEA sample which has the most hydrophilic surface does not allow specific
hydrophobic proteins adsorption. Studies show that surface roughness enhances cells
attachment depending on the scale and feature of the surface [28]. It is also well established
that the influence of the surface features on the cellular response is cell type dependent [43,
44].
4.6.

Surface topography
In statistics, skewness is a measure of the asymmetry of the probability distribution of a
random variable about its mean. Skewness tells you the amount and direction of skew or
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how far it is from horizontal symmetry. The skewness value can be positive or negative, or
even undefined. On surface topography positive skewness is indicator of dominant islands
and negative skewness shows dominant heights are pits. Roughness skewness (Ssk) is used
to measure the symmetry of the variations of a profile/surface about the mean plane and is
calculated as below [11, 45]:
Ssk =

1 1
s 3 A
q

∬A Z3(x, y)dydx

Author Manuscript
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In general skewness is Gaussian like and it is not a trending measure therefore we did not
expect to see any trends within the same molecular weight groups. However different
molecular weights showed different surface texture as far as islands and pits. Adding surface
roughness will enhance the wettability caused by the chemistry of the surface [46]. However,
in these samples the RMS value is not statistically different within different groups (different
molecular weight and different DEA concentration) therefore surface roughness has the
same effect on wettability of all 8 groups of polymers. Taken together, the difference in
topography and the water contact angle can explain the distinct difference between the cell
adhesion and proliferation behavior of TMPeTA (692) and TMPeTA (912). TMPeTA (692)
samples have island dominant surfaces, which makes them more favorable for hASCs to
adhere due to the surface area difference including sidewalls or the different coarseness of
texture[47]. Pitted pattern surfaces also cause accumulation of proteins and uneven protein
distribution, which subsequently affects the cell adhesion [28]. Lim et al also observed less
adhesion of osteoblast on the pitted surface of Poly (L-lactic Acid)/Polystyrene Demixed
film compared to island topography [47]. In order to test this theory, the samples were cut
through (cross section) to create similar surface topography for all of the samples followed
by cell seeding in the same condition as described in section 2.8. The LIVE/DEAD®
staining results (supplementary 5) showed visibly increased in attachment of hASCs on
TMPeTA (912) samples compared to its original form (Fig 6). Above all, the evident
topography difference between TMPeTA (692) and TMPeTA (912) seem to have a great
impact on the cell adhesion behavior. The results suggest that adjusting the chemical
composition of the polymers, which leading to the change of the physical properties, can
indirectly affect the interaction between the cell and polymer surface.

Conclusion

Author Manuscript

TMPeTA based thiol-acrylate polymer is a cyto-compatible polymer with tunable cell
adhesion properties. Overall, the TMPeTA (692) displayed better cell attachment/
proliferation than the TMPeTA (912) samples due to its lower wettability, and island
dominant topography. In general, this study shows that surface characteristics and
subsequently cell attachment on thiol-acrylate polymers can be tuned based on the catalyst
(DEA) content and backbone length of the TMPeTA. The tunable cell adhesion property
could be beneficial in different applications for biomedical engineering as one desires such
as printing in arrayed biomaterials (for non-cell adherent TMPeTA 912 polymers) and tissue
engineering applications (for cell adherent TMPeTA 692 polymers).
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Fig. 1.

Young’s Modulus as a function of DEA concentration for TMPeTA(692) and
TMPeTA(912). * p<0.05.
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Fig. 2.

Contact angles of TMPeTA (692) and TMPeTA (912) polymers with varying %DEA. *
p<0.05.
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Fig. 3.

The degradation profile of TMPeTA (692) and TMPeTA (912) as a function of DEA mol
(%) over 7 days. * p<0.05.
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Fig. 4.

Protein adsorption on TMPeTA (692) and TMPeTA (912) at day 1. * p < 0.05.
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Fig. 5.

Topography images of TMPeTA (692) and TMPeTA (912) polymers. Magnification is 20 X.
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Fig. 6.

LIVE/DEAD® staining images of positive control, hASCs on TMPeTA (692) at day 1, 3, 7
and TMPeTA (912) at day 1.
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Fig. 7.

DNA content on TMPeTA (692) and TMPeTA (912) as a function of DEA mol (%) over 7
days.
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Scheme. 1.

The base-catalyzed Michael addition step growth polymerization reaction. The first step
denotes the synthesis of the tertiary amine catalyst.
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Surface RMS roughness and Skewness of TMPeTA (692) and TMPeTA (912).
Samples
Parameters

RMS (μm)

Ssk

692–2

692–5

692–10

692–16

912–2

912–5

912–10

912–16

%DEA

%DEA

%DEA

%DEA

%DEA

%DEA

%DEA

%DEA

0.19

0.18

0.12

0.27

0.17

0.12

0.15

0.24

±0.03

±0.02

±0.02

±0.01

±0.01

±0.02

±0.01

±0.03

1.14

1.91

0.34

1.61

−0.95

−0.52

−0.94

−0.15

±0.01

±0.13

±0.05

±0.08

±0.05

±0.02

±0.01

±0.05
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